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Abstract: 
Beer	 is	 one	 of	 the	world’s	most	 popular	 beverage	 products.	 Beer	 is	 all	 natural	 ingredients,	 so	moderate	
consumption	 contributes	 to	 a	 healthy	 daily	 diet.	 Beer	 contains	 a	 large	 variety	 of	 phenolic	 compounds,	which	
derive	from	the	processed	cereal	(70%)	and	hops	(30%)	and	which	are	responsible	for	the	antioxidant	activity	of	
the	beverage.	Hops	(Humulus lupulus L.)	are	an	essential	ingredient	of	beer	and	are	a	source	of	polyphenols	that	
contain	the	prenyl	or	geranyl	group	in	the	chemical	structure,	mainly	consisting	of	xanthohumol,	isoxanthohumol,	
6-prenilnaringenin	 and	 8-prenylnaringenin.	 The	 prenylflavonoid’s	 compounds	 found	 in	 beer	 have	 different	
biological	 activities	 demonstrated	 in vitro	 as	 antioxidant,	 anticarcinogenic,	 anti-inflammatory,	 estrogenic	 and	
antiviral.	Important	quantities	of	prenylflavonoids	are	lost	during	wort	production.	The	losses	may	be	explained	
by	the	low	solubility	of	these	compounds	and	its	 insufficient	extraction	in	wort.	Using	appropriate	engineering	
strategies,	improvements	in	the	recovery	of	prenylflavonoids	from	hops	into	beer	has	involved	increased	hopping	
rate,	improved	brewing	process,	especially	wort	boiling,	increased	colored	malt	yields	and	management	of	beer	fermentations.
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INTRODUCTION 
Moderate	 drinking	 of	 beer	 brings	 significant	
benefits	to	human	health.	These	are	the	results	of	
extensive	 studies	 conducted	 in	 the	 entire	 world	
about	beneficial	effects	of	bioactive	compounds	in	
beer.
Beer	is	made	from	natural	ingredients,	barley,	
hops,	water	and	yeast	(Saccharomyces cerevisiae).	
Each	of	these	contributes	to	the	nutritional	profile	
of	the	product,	depending	on	the	amount	used	and	
the	brewing	technology.
The	 female	 inflorescence	 of	 hops	 (Humulus 
lupulus L.)	 is	 an	 important	 ingredient	 in	 beer	
biotechnology.	 It	 gives	 to	 beer	 unique	 sensory	
characteristics.	 In	 addition,	 the	 hops	 contain	
bioactive	principles,	which	over	 time	have	 found	
to	be	useful	for	pharmacology	or	food	industry.
Hops	 cones	 used	 in	 the	 brewing	 industry,	
contains	 a	 gland,	 lupulin,	 which	 accumulates	
numerous	plant	secondary	metabolites;	the	most	
important	are	bitter	acid,	phenolic	substances	and	
essential	 oils.	 These	 compounds	 are	 responsible	
for	 the	 high	 biological	 value	 of	 the	 products	
obtained	from	the	hops.
Recent	 researches	 focused	 on	 the	 beneficial	
effects	 to	 human	 health	 of	 the	 hopsʼ	 bioactive	
compounds.	 They	 are	 considered	 active	 agents	
to	protect	the	body	against	many	diseases	caused	
by	 lifestyle	 and	 diet	 of	 modern	 people	 (cancer,	
metabolic	diseases,	osteoporosis,	etc.).
If	 the	 interest	 of	medical	 researchers	 on	 the	
bioactive	principles	from	hop	is	growing,	not	the	
same	 could	 be	 said	 about	 numerous	 brewers,	
which	 unfortunately,	 for	 economic	 reasons,	
reduce	 the	 use	 of	 hops	 for	 beer	 production.	 A	
considerable	 reduction	 of	 approximately	 30%	 is	
observed	 in	 the	 last	decade.	From	 the	 reports	of	
international	 brewers	 association,	 it	 seems	 that	
this	is	a	new	policy	in	beer	hopping.	Consequently,	
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the	bitterness	of	beer	decreases	considerable	 for	
most	beer	types.	
In	these	circumstances,	 the	evaluation	of	 the	
active	 compounds	 of	 hops	 from	biotechnological	
perspective	is	an	opportunity	for	the	development	
of	beers	with	functional	properties.
Extensive	 studies	 on	 the	 characteristics	 and	
composition	of	hops	were	conducted	in	Romania,	
in	 Hop	 Culture	 Research	 Center	 and	 Medicinal	
Plants	of	the	University	of	Agricultural	Science	and	
Veterinary	Medicine	Cluj-Napoca	(Salontai,	2002;	
Tofană,	 2000,	 2002,	 2006,	 2008,	 2009;	 Muste,	
2002;	 Mudura	 2008,	 2009,2010,	 2011),	 and	
applications	 of	 herbal	 hop	 compounds	 (Socaci,	
2008;	Salanta,2011,2012,2013,2015).
HOP DERIVATED PRENYLFLAVONOIDS 
Hops	contain	phenolic	substances	represented	
by	different	flavonoids	and	phenolic	acids	(Stevens,	
1998).	The	phenolic	compounds	identified	in	beer	derivated from hops are different from those 
originated	 from	 barley	 (Benitez	 et	 al.,	 1997).	
About	70-80%	of	the	total	polyphenol	content	 in	
beer	comes	from	malt,	and	the	remaining	30-20%	
from	hops.	Using	 liquid	chromatography	coupled	
with	an	electrospray	 ionization	hybrid	 linear	 ion	
trap	 quadrupole	 Orbitrap	 mass	 spectrometry	
technique,	 47	 phenolic	 compounds	 were	
identified	in	beer,	including	simple	phenolic	acids,	
hydroxycinnamoylquinics,	 flavanols,	 flavonols,	
flavones,	 allcylmethoxyphenols,	 alpha-	 and	 iso-
alpha-acids,	 hydroxyphenylacetic	 acids	 and	 pre-
nyl	flavonoids	(Quifer-Rada,	2015).
Extensive	studies	have	revealed	the	presence	
of	 several	 new	 hops	 flavonoids,	 chalcones	 and	
flavanone	that	contain	the	prenyl	or	geranyl	group	
in	 chemical	 structure	 (Stevens	 et	 al.,	 1997,1998,	
1999;	 Miranda,	 2000;	 Principe,	 2014).	 These	
new	 compounds	 contribute	 to	 antioxidant,	
anticancerogenic,	 antimicrobial	 and	 estrogenic	
properties	 of	 beer.	 The	 interest	 of	 researchers	
in	 prenilflavonoids	 compounds	 are	 presented	
in	Figure	1,	 as	 a	 result	 of	 statistic	 of	GoPubMed,	
known	 as	 a	 knowledge-based	 search	 engine	 for	
biomedical	texts.
Hop	 cones	 contain	 about	 0.5 xanthohumol 
((E)-1-[2,4-Dihydroxy-6-methoxy-3-(3-methyl-
2 -butenyl )phenyl ] -3 - (4-hydroxyphenyl )
propenone,	 2',4,4'-Trihydroxy-6'-methoxy-
3'-pre	nylchalcone,	 XH),	 0.01 isoxanthohumol 
(7-hydroxy-2-(4-hydroxyphenyl)-5-methoxy-
8-(3-methylbut-2-enyl)-2,3-dihydrochromen-
4-one,	 IXH),	 0.12	 desmethylxanthohumol	
((E)-3-(4-hydroxyphenyl)-1-[2,4,6-trihydroxy-
3-(3-methylbut-2-enyl)phenyl]prop-2-en-1-
one,	 DMXH),	 0.002 8-prenylnarigenin	 ((2S)-5,7-
dihydroxy-2-(4-hydroxyphenyl)-8-(3-methylbut-
2-enyl)-2,3-dihydrochromen-4-one,	 8-PN)	 and	
0.01 6-prenylnaringenin	 ((2S)-2,3-Dihydro-5,7-
dihydroxy-2-(4-hydroxyphenyl)-6-(3-methyl-2-
butenyl)-4H-1-benzopyran-4-one,	 6-PN)	 as	 %	 of	
dry	weight	(Figure	1).	The	content	of	6-	and	8-PN	
Fig. 1. Xanthohumol:	Publications	and	interest	over	time	
(Source:	adapted	from	Stevens,	2012	and	gopubmed.org)
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and	IXH	in	beer	is	also	due	to	thermal	isomerization	
of	chalcones	(DMXH	or	XH)	into	flavanones	during	
the	brewing	process.	The	content	in	different	beers	
may	vary	for	XH	from	5	to	690	µg/l,	for	IXH	from	
300	to	3440	µg/l,	for	6-PN	from	22	to	560	µg/l	and	
for	 8-PN	 from	 8	 to	 240	 µg/l	 (Schmandk,	 2010).	
XH	 is	 considered	 the	 most	 active	 component	 in	
beers:	 cancer	 chemoprevention,	 inhibition	 of	
tumor,	 angiogenesis,	 effects	 on	 glucose	 and	 lipid	
metabolism,	 hepatic	 and	 intestinal	 metabolism	
(Gerhaeuser,	2005).	IX	is	considered	to	be	a	sour-
ce	 of	 phytoestrogens	 in	 the	 diet,	 because	 it	 is	
metabolized	 to	 8-prenylnaringenin	 in	 the	 intes-
tinal	tract	by	gut	microbiota	(Possemiers,	2007).
The	 anticancerogenic	 potential	 of	 the	
prenylflavonoids	is	characterized	by	(a)	inhibition	
of	 the	 metabolic	 activation	 of	 pro-carcinogens	
due	to	inhibition	of	cytochrome	P450	enzymes	by	
XH,	8-PN	and	IXH;	(b)	by	induction	of	carcinogen-	
detoxifying	 enzymes	 by	 XH	 and	 IXH	 (quinone	
reductase	 in	 cultured	mouse	 hepatom	 cells);	 (c)	
by	inhibition	of	tumor	growth	in	an	early	state	in 
vitro	by	XH	in	human	colon	cancer,	breast	cancer,	
ovarian	cancer	and	 leukemia	cells;	 (d)	by	 inhibit	
angiogenesis	 by	 8-PN	 in	 fertilized	 chicken	 eggs	
(XH	was	not	tested).	8-PN	is	estrogenic	(increase	
of	 uterine	 and	 vagina	 weights),	 while	 XH	 and	
IXH	 shows	 antiestrogenic	 activity	 (reduction	 of	
uterine	 weight	 of	 juvenile	 female	 rats)	 while	 In	
vitro,	8-PN	has	shown	a	high	selective	binding	to	
human	 a-estrogen	 receptors	 (Schmandk,	 2010).	
The	total	daily	intake	of	hop	prenylflavonoids	may	
reach	 0.14	mg,	 and	 their	main	 source	 in	 human	
diet	is	beer	(Wesołowskaa,	2014).
Fig.2.	Major	prenylated	flavonoids	in	hops	(Humulus lupulus L.)	(Keukeleire,	2005)
Fig. 3. In	vitro	effects	of	xanthohumol	(Wunderlink,	2006)
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The	 prenylflavonoid	 compounds	 come	 origi-
nally	from	the	hop	that	is	used	in	brewing	technology.	
The	 spectra	 of	 the	 prenylflavonoidic	 compounds	
which	 are	 found	 in	 beer	 depend	 on	 the	 quality	
and	 quantity	 of	 hop,	 the	 wort	 composition	 and	
boiling	 process	 parameters.	During	 the	 alcoholic	
fermentation	 of	 the	wort	 and	 beer	 conditioning,	
the	concentration	of	prenylflavonoidic	substances	
is	reduced	especially	because	of	the	absorption	of	
these	 compounds	on	 the	 yeast	 surface.	The	 final	
quantity	depends	on	the	characteristics	of	the	raw	
materials,	the	extraction	technology	used	and	the	
installation	capability.	
THE TRACEABILITY OF 
PRENYLFLAVONOIDS COMPOUNDS ON 
BREWING PROCESS
Beer raw materials 
Beer	is	made	from	4	main	ingredients	-	malt,	
hops,	brewer’s	yeast	and	water.	By	varying	these	
ingredients,	 brewers	 develop	 the	 flavor,	 color,	
carbonation,	 alcohol	 content	 that	 confere	 the	
uniqueness	 of	 sensorial	 characteristic	 in	 their	
beers,	 but	 also	 the	minor	 compounds	 (vitamins,	
minerals,	 amino	 acids,	 carbohydrates,	 organic	
acids,	 and	 polyphenols)	 necessary	 for	 human	health. 
Malt	is	properly	prepared	cereal	grain,	usually	
barley,	but	also	other	grains	can	be	malted,	such	as	
wheat,	sorghum	and	triticale	grain	(Mudura,	2013).	
The	 malting	 aim	 is	 the	 biosynthesisof	 enzyme	
equipment	 (amylase,	 proteinase,	 β-glucanases),	
necessary	 for	 hydrolysis	 of	 macromolecular	
compouds	 from	 endosperm	 grain	 of	 barley	 in	
simple	compounds	(maltose,	glucose,	amino	acids,	
mineral	salts,	vitamins).
Special	malts	are	used	in	brewing	biotechnology	
for	production	of	 special	 types	 of	 beer.	 They	 are	
blended	with	pale	malt	 for	 the	specific	 taste	and	
aroma.	 Caramel	 malt	 has	 bioactive	 compounds	
with	 antioxidant	 properties	 that	 protect	 beer	
against	 oxidative	 reactions	 (Walker	 et	 al.,	 2003).	
Wunderlich	 et	 al.	 (2005)	 analyzes	 the	 effects	 of	
Maillard	 compounds	 from	 roasted	 malt	 beer	 on	
xantohumol	content	of	beer	and	assume	that	these	
substances	inhibit	the	isomerization	of	XH	to	IXH	
during	the	wort	boiling	and	increase	the	extraction	
yield	of	prenylflavonoids	from	hops.
The	 non-enzymatic	 browning	 degree	 is	 a	
key	 factor	 of	 quality	 of	 malt,	 not	 only	 in	 terms	
of	 color,	 but	 also	 for	development	of	 antioxidant	
and	 flavor	 compounds	 (Coghe,	 2006).	 Roasting	
malt	 produces	 antioxidant	 substances	 resulting	
from	 the	 various	 mechanisms	 of	 the	 Maillard	
reaction.	 Maillard	 reaction	 products	 with	 low	
molecular	 chromophore	 compounds	 (<1kDa)	
and	 melanoidins	 with	 high	 molecular	 weight	 (>	
100	kDa)	are	substances	responsible	for	the	malt	
color.	 Caramel	 malt	 may	 contain	 both	 types,	 in	
approximately	equal	amounts.
As	 a	 conclusion,	 for	 a	 good	 traceability	 of	
xanthohumol	 from	 hops	 into	 beer,	 by	 avoiding	
the	 isomerization	 process	 in	 wort	 kettle	 it	 is	
recommended	to	use	caramel	malt	in	the	brewing	process.
Hops are	used	in	brewing	technology	as	hops	
products,	ussualy	pellets	or	hop	extract.	The	part	
of	 the	 hop	 plant	 (Humulus lupulus	 L.)	 used	 for	
brewing	is	the	female	inflorescence	called	cone.	A	
cone	contains	small	yellow	granules	called	lupulin	
glands.	 These	 glands	 produce	 the	 hard	 and	 soft	
resins	 and	 the	 essential	 oil.	 The	 soft	 resins	 are	
converted	into	the	bitterness	in	the	beer	and	the	
essential	oils	develop	the	hoppy	flavor	(O’Rourke,	
2003).
The	 hops	 pellets	 are	 produced	 by	 milling	
of	 dry	 cones	 and	 compressing	 the	 grinding	 into	
pellets.	 The	 pellets	 are	 type	 90	 and	 enriched	
pellets	type	45,	where	some	of	the	vegetative	part	
is	 removed	 to	 obtain	 a	 much	 higher	 alpha	 acid	
content.	The	soft	 resins	could	be	solubilised	 in	a	
variety	of	solvents	(ethanol	and	carbon	dioxide)	to	
obtain	a	concentrated	solution	of	alpha	and	beta	
acids	 and	 other	 soft	 resin.The	 hops	 polyphenols	
are	located	in	the	leaves	of	the	cone	and	have	polar,	
hot	water-soluble	properties.	In	this	condition,	the	
non-polar	solvents	such	as	CO
2
 do not extract the 
polyphenols.	 In	 ethanol	 extracts	 the	polyphenols	
are	found	in	the	hot	water	extract	and	not	in	the	
pure	 resin	 extract.	 The	 pellets	 45	 are	 created	
by	 separating	 leaves	 from	 lupulin.	 As	 a	 result,	
an	 important	 quantity	 of	 polyphenols	 is	 lost.	
The	 prenylflavonoid	 compound,	 xanthohumol,	
accumulates	in	the	lupin	gland	and	is	recovered	in	
type	45	pellets.	In	supercritical	CO
2
,	the	non-polar	
xanthohumol	is	soluble	only	in	traces.	Ethanol,	by	
contrast,	can	dissolve	xanthohumol	(Table	1).
The	prenylflavonoids	content	of	hops	is	influ-
enced	by	cultivars.	The	evaluations	of	4	Romanian	
cultivar	 from	 Sighisoara	 area	 are	 presented	 in	
Figure	4.
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Is	 seen	 that	 the	 high	 level	 of	 xantohumol	
is	 measured	 in	 whole	 hops	 samples,	 with	 an	
average	 concentration	 of	 0.54%	 for	 Magnum,	
0.37%,	Brewers	Gold,	0.208%,	for	Huller	Bitterer	
and	0.176	%	for	Perle.	By	processing	of	hops,	the	
concentration	decreased	significantly,	because	XH	
is	 a	 chemical	 compound	 that	 isomerizes	 easily	
in	 the	 presence	 of	 low	 and	 high	 temperatures.	
Harvesting,	 storage	 and	 temperature	 regime	 are	
responsable	for	the	90%	of	prenylflavonoids	hop	
compounds	(Biedl,	2002).	The	values	reported	for	
Romanian	cultivars	are	consistent	with	the	values	
reported	 in	 the	 literature	 varying	 depending	
on	 variety	 between	 0.2	 to	 1.2%.	 In	 particular,	
Magnum	 variety	 grown	 in	 Germany,	 reported	
values		of	0.54%	(2002),	0.41%	(2003)	and	0.63%	
(2004);	the	Perle	cultivars	from	Germany	reported	
values	 of	 0.46%	 (2002),	 0.32%	 (2003),	 0.51%	
(2004)	and	from	US	0.42%	(2002),	0.45%	(2003)	
and	0.	35%	(2004)	(Krofta,	2005).	The	presence	of	
isoxanthohumol	in	the	hop	is	a	fact	that	generated	
many	 scientific	 controversies.	 Some	 researchers	support the idea that isoxanthohumol is an artefact 
and	that	forms	only	through	the	isomerisation	of	
xanthohumol,	 so	 is	 not	 a	 secondary	 metabolite	
of	the	metabolic	processes	that	took	place	in	hop	cone.
As	a	conclusion,	the	utilization	of	hop	pellets	
from	proper	cultivar	could	be	a	decision	for	pro-
duction	of	functional	beer.
THE EVOLUTION OF 
PRENYLFLAVONOIDS IN BEER 
TEHNOLOGY 
The	 prenylflavonoids	 substances	 are	 extrac-
ted	 from	 hop	 during	 the	 boiling	 process.	 The	
extraction	 rate	 depends	 on	 applied	 dose,	 must	
concentration	 and	 composition,	 must	 pH	 and	
boiling	 time.	 Xanthohumol,	 the	 most	 important	
prenylflavonoid	 compound	 is	 rapidly	 isomerized	
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Tab. 1	Recovery	of	polyphenols	and	xanthohumol	in	hop	products	as	%	rel.	to	raw	hops	
(A.	Forster	and	A.	Köberlein)
Recovery	in	%	rel.	to	raw	hops
Polyphenols Xanthohumol
Pellets	90 100 ±100
Pellets	45 ≥50-95 ±95
Ethanol	extract ≤5 ±90
Carbon	dioxid	extract 0 ≤5
Fig.4.	The	xanthohumol	concentration	in	hop	cultivars,	%	dry	matter
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to	 isoxanthohumol	 during	 boiling.	 This	 reaction	
should	 be	 avoided	 in	 order	 to	 have	 a	 high	
concentration	 of	 xanthohumol	 in	 beer,	 because	
this	 compound	 has	 a	 biological	 activity	 ten	
times	 higher	 than	 isoxanthohumol.	 Avoiding	
isomerization	 reaction	 is	 not	 simple.	 The	 aim	 of	
hop	 dosage	 is	 the	 extraction	 of	 bitter	 acids	 and	
essential	oils,	which	 take	place	 in	 the	 same	 time	
and	conditions	with	xanthohumol's	isomerization.	
To	increase	the	concentration	of	prenylflavonoids	
in	 final	beer,	 it	 could	be	 take	 some	 technological	measures:
•	Hop	dosage	have	 to	be	made	 in	different	 steps	
so	that	the	last	dose	is	added	10	minutes	before	
the	ending	of	boiling	process	and	then	the	must	
is	immediately	cooled	at	80oC,	in	order	to	inhibit	
the	xanthohumol	isomerization.
•	 The	 concentration	 and	 composition	 of	 must	
influence	 the	 extraction	 and	 isomerization	
yield	of	xanthohumol,	between	this	two	charac-
MUDURA	et al.
Fig.5.	The	traceability	of	prenylflavonoids	from	hops	to	beer	(Nagel,	2009)
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teristics	 being	 an	 inversely	 proportional	 ratio.	
In	 order	 to	 avoid	 isomerization	 the	 14-16oP	
must	 concentration	have	 to	be	used.	 For	must	
production,	 the	 coloured	malt	 has	 to	 be	 used,	
because	 it	 contains	 inhibitory	 substances	 for	the isomerisation reaction.
•	 Lowering	 the	 pH	 of	 the	 must	 during	 boiling	
process	 inhibits	 the	 isomerization	 reaction	 of	
prenylflavonoids	substances;	it	is	facilitated	by	the use of caramel malt.
The	 isomerization	 process	 is	 the	 reason	 for	
very	 low	 content	 in	 xanthohumol	 in	 beer	 (max.	
0.15	 mg/L	 in	 the	 conventional	 pale	 beers)	 and	
high	 content	 in	 izoxanthohumol	 (from	 0.04	 to	
3.44	 mg/L)	 (Stevens,	 1999;	 Magalhães,	 2008,	
2011).	 In	 commercial	 beers,	 xanthohumol	 is	
contained	 in	 amounts	 of	 less	 than	 0.2	 mg/L.	
However,	 there	 are	 also,	 some	 other	 factors	
responsible	 for	 the	 low	 content	 of	 xanthohumol	
in	 beer.	 Large	 amounts	 of	 xanthohumol	 added	
with	 hops	 in	 the	 wort	 ketter	 are	 removed	 with	
hot	 trub.	The	 losses	can	be	explained	by	 the	 low	
solubility	 of	 xanthohumol	 and	 its	 insufficient	
extraction	 in	 the	wort.	 During	 fermentation	 and	
filtration,	 xanthohumol	 concentrations	 continue	
to	 decline,	 due	 to	 precipitation	 and	 absorption	
of	 xanthohumol	 by	 yeast	 cells	 and	 filtering	 aids.	
The	stabilization	of	beer,	 in	particular	with	PVPP	
(polyvinylpolypyrrolidone)	 is	 associated	 with	 a	
strong	reduction	of	xanthohumol	in	beer.
Xanthohumol	 affects	 brewing	 yeast’s	
metabolism,	yeast	viability	and	vitality	in	enriched	
beer	(10	mg/L	xanthohumol)	(Magalhaes,	2013).	
The	 results	 showed	 that	 yeast	 viability	 slightly	
decreased	 by	 xanthohumol,	 but	 on	 the	 other	
hand,	yeast	vitality	 in	 the	xanthohumol	enriched	
brewing	 trials	 was	 slightly	 better.	 The	 content	
of	 higher	 alcohols	 and	 esters	was	 similar	 to	 the	
control	 in	all	 the	xanthohumol	enriched	brewing	
trials.	No	effect	of	 xanthohumol	on	yeast	growth	
was	detected.	
The	biological	values	of	prenylated	flavonoids	
from	 hops	 to	 human	 health	 generated	 new	
approaches	 for	beer	production	 to	brewing	beer	
enrich	the	prenylflvonoids.		
The	 used	 of	 xanthohumol	 enriched	 hop	
products	 combined	 with	 late	 hop	 dosing	 during	
boiling	of	the	wort	has	been	shown	to	be	effective	
in	increasing	the	amount	of	xanthohumol	in	beer	
(Magalhaes	 et	 al.,2008).	 The	 XAN	 technology	
develops	 a	 brewing	 process	 to	 obtain	 beer	with	
1	mg/L	xanthohumol	for	12oP	(Wunderlich	et	al.,	
2005).
As	shown	 in	previous	chapters,	 the	beer	can	
be	 a	 rich	 source	 of	 bioactive	 substances,	 inclu-
ding	 prenylflavonoids	 with	 estrogenic	 proper-
ties.	 8-	 Prenylnaringenin	 is	 considered	 the	
most	 powerful	 phytoestrogen	 knew	 until	 today.	
There	 are	 numerous	 in vitro and in vivo studies 
postulating	 that	 moderate	 beer	 consumption	
may	 increase	 exposure	 of	 the	 human	 body	 to	
8	 PN.	 Some	 indications	 of	 biological	 activity	
of	 this	 compound	 may	 be	 obtained	 from	 the	
databases	 of	 food	 supplements	 based	 on	 hops.	
These	 supplements	 generally	 contain	 a	 daily	
dose	of	about	100	mg	of	8-prenylnaringenin	and	
postulates	 that,	 at	 this	 dose,	 the	 product	 exerts	
its	 effect	 of	 improving	 the	 discomfort	 caused	 by	
menopause.	 Unfortunately,	 there	 are	 very	 few	
scientific	 studies	 to	 ensure	 the	 effectiveness	 of	
these	products	in	categories	as	diverse	consumers.	
The	first	placebo-controlled	prospective	study,	on	
this	subject,	demonstrated	that	food	supplements	
with	 hop	 extract	 standardized	 to	 100	 mg/day	
for	8-prenylnaringenin	exert	 favorable	 effects	on	
symptoms	 caused	 by	 menopause	 in	 six	 weeks	
(Heyerick,	 2006).	 In	 this	 context,	 similar	 effects	
can	 be	 associated	 with	 moderate	 consumption	
of	beer.	 Consequently,	 biotechnology	 researchers	
have	launched	a	challenge	in	terms	of	developing	a	
potentially	bioactive	phytoestrogens	beers	raised	
(Stevens,	2004).
Numerous	studies	were	conducted	on	human	
intestinal	metabolism	of	prenylflavonoids.	Under	
the	 influence	 of	 gut	 microbiota,	 isoxanthohumol	
is	 converted	 to	 8-	 prenylnaringenin	 (Figure	 5).	
Beer	is	a	bevarage	that	is	part	of	a	large	number	of	
consumer	diets,	 including	women.	 Consequently,	
increasing	 the	 concentration	 of	 isoxanthohumol	
can	 increase	 the	 intake	 of	 phytoestrogens	 in	
daily	 diet.	 For	 this	 type	 of	 beer,	 the	 increase	 in	
concentration	 may	 be	 accomplished	 by	 dosing	
of	 xanthohumol	 extract	 after	 wort	 fermentation	
or	after	 the	yeast's	coarse	 filtering.	By	using	 this	
technology	 resulted	 beer	 at	 a	 concentration	 of	
about	8	mg/L	isoxanthohumol	(Foster,	2002).
Increasing	 concentration	 of	 isoxanthohumol	
in	the	finished	beer	does	not	determine	by	default	
an	 increasing	 amount	 of	 8-prenylnaringenin	 in	
human	body.	This	is	due	to	different	bioavailability	
of	human	individuals.	Belgian	researchers	propo-
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sed	two	alternative	technologies	for	producing	the	
beer	with	functional	properties.	
The	first	technology	is	the	introduction	of	an	
additional	 stage	 for	wort	 prefermentation,	 using	
selected	 strains	 of	microorganisms.	Eubacterium 
limosumex	perimental	bacteria	species	were	used,	
which	 are	 human	 intestinal	microbiota	 common	
microorganisms	(Possemiers,	2007).	Eubacterium 
limosum	 has	 the	 ability	 to	 O-demethylation	 and	
degradation	of	 flavonoids.	Various	 strains	of	 this	
organisms	were	tested	in vitro	 for	their	ability	to	convert xanthohumol and isoxanthohumol into 
8-prenylnaringenin.	 The	 conversion	 yield	 was	
98%.	 Unfortunately,	 this	 organism	 is	 not	 on	 the	
list	 of	 GRAS	 and,	 therefore,	 can	 not	 be	 used	 to	
obtain	 food.	 The	 identification	 of	 other	 types	 of	
microorganisms,	 with	 the	 same	 potential,	 will	
make	possible	to	use	this	biotechnology	to	achieve	
functional	beers.
The	second	biotechnology	used	a	beer	rich	in	
xanthohumol,	which	contain	probiotic	microorga-
nisms	 capable	 to	 activate	 the	 transformation	
of	 isoxanthohumol	 in	 the	 human	 gut.	 There	 are	
already	on	the	market	beers	containing	yeast	and	
lactic	bacteria.	Lactic	acid	bacteria	recognized	as	
probiotic	agents	could,	in	this	case,	to	increase	the	
amount	 of	 phytoestrogens	 in	 beer	 by	 increasing	
the	 concentration	 of	 8-	 prenylnaringenin	 in	 the	human intestine.
CONCLUSION 
In	the	last	decade,	the	consumer's	awareness	
about	food	diet	role	in	healthly	life	is	increasing.	In	
this	context,	the	development	of	a	functional	food	
with	bioactive	properties	has	become	a	need.	The	
polyphenolic	 substances	 from	 the	 raw	materials	are considered to have an important antioxidant 
role	in	preventing	the	degenerative	illnesses.	
A	 great	 interest	 is	 granded	 to	 the	 hops	
and	 prenylflavonoidic	 substances	 from	 hops:	
xanthohumol,	isoxanthohumol	and	8-prenylnarin-
genin.	 Xanthohumol	 and	 isoxanthohumol	 are	
considered	 natural	 antioxidants	 with	 a	 large	
spectrum	 of	 action	 in	 the	 prevention	 and	 treat-
ment	 of	 cancer,	 especially	 prostate	 cancer	 and	
breast	cancer,	in	the	treatment	and	prevention	of	
arteriosclerosis.	8–Prenylnaringenin	is	considered	
the	 most	 powerful	 phytoestrogen	 known	 untill	
today.	 The	 only	 nutritional	 source	 for	 these	
compounds	in	human	diet	is	beer.	The	production	
of	a	 functional	beer	with	a	high	concentration	of	
prenylflavonoids	 can	 bring	 high	 benefits	 to	 the	
consumer,	when	consumed	moderately.	
The	prenylflavonoids	 from	beer	 came	 totally	
from	 the	 hop	 that	 is	 used	 as	 raw	 material.	 The	
spectra	of	the	beer's	prenylflavonoids	depend	on	
the	 quality	 and	 quantity	 of	 hops,	 namely	 hops	
variety,	 hop	 products	 and	 the	 hopping	 dose.	
The	 hopping	 dose	 trend	 in	 brewing	 industry	 is	
decreasing,	 with	 impact	 on	 beer	 functionality.	
For	 counteraction,	 the	 research	 on	 obtaining	
functional	 beer	 can	 provide	 major	 benefits	 to	
consumer’s	health.
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